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Abstract: Knowledge management (KM) involves learning from past experiences to avoid or correct
scope misalignments, quality deviations, safety problems, time delays and/or cost overruns. KM
is frequently materialized as a risk management (RM) plan. An RM plan allows for anticipating,
avoiding, mitigating, or reducing potential problems impacting project performance. However,
despite their high complementarity, KM and RM are not the same, nor share the same purpose. In
the advent of the fourth industrial revolution, managing complex projects involves many KM-related
challenges, such as differential competitiveness enhancement and value chain streamlining. Naval
platforms are complex projects that require the integration of multiple sources of knowledge and
information. They also need to keep on integrating latest digital technology innovations in their
production processes. In this context, streamlining the requirements management may become a
differential asset for project stakeholders of naval platforms. Namely, enhancing requirements man-
agement can make the customers’ needs easier to meet, shorten the projects duration, reduce costs,
optimize resources, and allow for higher flexibility. However, requirements management has KM as
pre-requisite and RM as consequence. Unfortunately, potential synergies between KM and RM have
remained largely unexplored in the project management literature, and so has requirements manage-
ment as a potential bridge between both concepts. In this paper, a holistic model for shipbuilding
organizations linking KM and RM is proposed. The model draws from existing KM and RM models
while considering organizational factors, technological platforms, and competitiveness factors. A
case study of a naval platform showing the model’s applicability is provided. It is shown how the
model can allow shipbuilding companies to sustain a competitive advantage by facilitating more
robust decision making in dynamic project environments. Furthermore, the model also facilitates
the identification of the companies’ core competences to reach and keep a strong position in current
global markets.
Keywords: knowledge management; risk management; intangible asset; competitive advantage;
complex projects; project management; configuration management
1. Introduction
Public and private organizations operate in a dynamic environment where risks are
varied regarding both their nature and impact [1]. Hence, project failure rates can be
reduced when risks are mitigated or properly managed [2]. However, most research on
risk management (RM) has focused on addressing threats rather than taking advantage
of potential opportunities. Similarly, organizations tend to associate risks with financial
aspects, mostly in terms of cost and investment decision making. As a result, non-economic
risk factors are frequently neglected, especially in complex projects [3].
Complex projects refer to those projects that involve significant ambiguity and/or
uncertainty [4]. Risks are uncertain events or conditions that may have a positive or
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negative effect on project objectives [5,6]. Hence, risks arise mostly due to the presence of
uncertainty and are more likely in complex projects. Paradoxically though, this uncertainty
can stem both from the lack or excess of information [7]. While traditionally the lack
of information had been the default scenario, businesses nowadays have access to an
increasing amount of information (both external and internal to the company). In addition,
as project complexity increases, there is a pressing need to put every piece of actionable
information to use. This is the only way of making optimal decisions and constitutes the
very goal of knowledge management (KM) [8].
KM is then a critical aspect of both organizational and projects success [9,10]. Knowl-
edge is indeed an essential asset for organizations that operate in uncertain environ-
ments [11]. In the specific case of project-based organizations, knowledge mostly depends
on data retrieval and information interpretation. However, the organization’s culture, as
well as the ethical values and experience of decision makers, also affects how information is
processed [12]. Analogously, knowledge transfer forms the basis of preliminary estimates
when undertaking projects. However, they will also become the baseline for subsequent
estimates against which future activities and processes will be compared [13].
For these reasons, KM and RM are not isolated compartments. On the contrary, a
significant overlap exists between KM and RM in organizations, especially when managing
complex projects [14]. However, taking advantage of the shared aims of KM and RM does
not happen naturally. It takes some organizational alignment and actions that will be
described in this paper.
Hence, this research proposes a holistic KM model for managing complex projects that
can be applied in dynamic environments that also require RM. The model is summarized
in Figure 1 and draws from several KM- and RM-based models in project management
(PM). A case study in the shipbuilding sector will also be introduced to show the model
applicability. It is anticipated that the model will be applicable to organizations aiming
to integrate KM and RM in complex PM settings when trying to implement sustainable
business practices.
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Figure 1. Model dimensions and performance variables.
The rest of the paper is structured as follows. Section 2 presents the research problem
and outlines the research gap. Section 3 presents a literature review of KM models. This
section also investigates the context in whic organizat ons u dertake complex rojects and
how they must integrate KM, RM and PM. Section 4 presents the research methodology.
Section 5 describes the organizational structure of the shipbuilding company implement-
ing the proposed model. Section 6 presents the model elements and implementation
Sustainability 2021, 13, 885 3 of 20
results. Finally, Section 7 summarizes the major conclusions, limitations, and research
continuations.
2. Research Problem
Knowledge has become a production factor itself, equivalent to land in the pre-
industrial agrarian period, or to capital in the 19th and 20th century industrial economies [15].
Organizations, despite still being commonly divided into functional departments, have
moved from hierarchical (vertical) structures to a set of horizontal (coordinated) sections
that feed each other with information and apply specialized knowledge. This organic
structure allows them to adapt to the rapid changes society demands while developing
sustainable practices [16]. Information is considered a key element for decision making, as
it allows reducing or minimizing the uncertainty inherent to any project environment [17].
KM exploits and develops the knowledge assets that organizations possess so that
they can accomplish their goals [18]. However, sometimes it is difficult to anticipate the
occurrence of some high-impact risks [19]. This kind of uncertainty usually occurs when
there is a lack of information regarding the possible outcomes of an action [20,21]. That
is, there is uncertainty regarding what can happen, with which probability and/or with
which impact [22]. In these cases, knowledge can be a differential factor for taking the right
course of action (or the wrong one).
Managing complex projects is of great interest for organizations who want to align
their strategy and competitive advantage to survive in a changing environment. Some
researchers quote that “complex projects are dynamic systems that run on the edge of
chaos” [23]. For this reason, RM greatly conditions the project outcomes [24]. With
adequate knowledge, risks can be identified, evaluated, and controlled. Therefore, KM also
becomes a crucial tool for organizations to allow them to anticipate potentially adverse
situations [25].
Indeed, organizations operate in a “network” of risks. These risks are highly var-
ied from human errors to natural disasters, and from unstable environments to financial
crises [26,27]. All these risks can lead to project failure. That is why effective and effi-
cient RM requires a systematic methodology that is based on knowledge and previous
experiences [28].
A case study from the naval defense industry is analyzed here for its representative-
ness. National defense organizations are particularly complex (because of their size, the
variety of projects they undertake, as well as the potentially national-level safety implica-
tions of mishandled risks, among others). Naval organizations are also highly specialized,
professionally train all its employees, have high level objectives, and, at the same time,
they usually document most of their procedures and work processes. The public sector
of the naval defense industry is also in a constant need of updating its strategic plans
and information systems to carry out complex projects. This is so, not just because of the
number of people involved in these projects, but also because of the uncertain contexts and
risks under which these projects are developed. Efficiency, accountability, and transparency
are other essential requirements, as a large amount of public resources are usually involved
in defense projects [29]. In this context, KM is a must, and so is RM. Indeed, these are
possibly the most important intangible assets of this type of organizations [30].
If the organizations and companies involved in the naval defense industry do not
engage in a process of continuous innovation, they may become quickly outdated and
compromise their ability to carry out their fundamental mission (protect their country) [31].
However, due to the large amount of data generated in these projects, it is necessary
to identify, define and develop tools and procedures that handle this information [32].
However, these organizations are usually complex, large and boast hierarchical structures
that make it difficult to implement a single KM structure [33]. That is why the KM model
proposed in this paper is intended to help these organizations to optimize their processes
and reduce resource wastage while taking advantage of the capacity and potential of their
highly specialized technical and human resources.
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3. Literature Review
Both private and public organizations are showing interest in KM to increase their
innovation capacity and to create competitive advantages [34,35]. This growing interest
has led to the generation of different KM models. A KM model is a tool that enables
representing in a simplified manner how information and knowledge is handled within
an organization. It also allows one to describe (and redefine if necessary) the organization
structures and the processes that convey different types of information. Finally, it also
describes how the information can be transformed from data to knowledge [36]. A KM is
at the service of a company and, if successfully implemented, it will allow organizational
growth [37]. Table 1 presents a brief review of the main KM models (e.g., [38–43]). The
major features of each model are described in the rightmost column.
Table 1. Knowledge management (KM) models.
Reference Storage, Access, and Transfer Models
Wiig
[44]
Building and Using Knowledge (Building, Holding, Pooling, and Applying)
Completeness, Connectedness, Congruency, and Perspective Dimensions
Nonaka and Takeuchi
[45]
Knowledge Creation: Socialization, Externalization, Combination, and Internalization
Tacit–Explicit Interaction (Epistemological–Ontological Content)
Bustelo and Amarilla
[46]










Permanent Value: Continuous Renewal, Innovation and Transformation
APQC (KMAT)
[49]
Individuals: Share and Explain




Information, Environment, People, and Technology
IADE (Intellectus)
[51]
Human, Structural, and Relational Capital
Interaction: Components, Elements, Variables, and Indicators
Galbraith Consulting
[52]
Elements: Strategy, Structure, Processes, Incentives, and Human Resources




Purpose: Viability and Durability of the Business over Time
Perspectives: Finance, Business Processes, Learning and Growth, and Clients
IAM
[54]
Categories: Staff Competences, Internal Structure, and External Structure
Indicators: Growth–Innovation, Efficiency, and Stability
PTCC
[55]
Strategy for Assimilation, Utilization and Transfer








Actions: Acquire, Socialize, Structure, Integrate, Value, and Detect (Opportunities)
Recursiveness: People Knowledge, Processes–Systems, and Market Technology
Organizational
[58]
System of Relationships and Connections
Flows of Knowledge in Interaction Directions
Generational
[59]
1st Generation: Integration (Distribution, Dissemination and Use)
2nd Generation: Production (Supply, Demand)
Integrated-Situational
[60]
Architecture: Collaborative Communities, Culture, Memory, and Networks
Processes: Acquisition, Storage, Transformation, Distribution, and Use
Holistic
[61]
Comprehensive, Dynamic, Complex, Integral, and Inexhaustible Vision
Processes: Socialization, Creation, Adaptation, Dissemination, and Application
From Table 1, it is straightforward to appreciate the four major groups in which current
KM models can be classified:
Sustainability 2021, 13, 885 5 of 20
• Storage, access, and transfer models focus on the development of methods, strategies,
and techniques for storing the organizational information in accessible repositories
that facilitate subsequent knowledge transfer.
• Socio-cultural models focus on the development of an organizational culture that
allows the improvement of knowledge management processes. Hence, they are aimed
at promoting changes in attitudes, building trust, stimulating creativity, and raise
awareness of the importance of knowledge. They also promote communication and
collaboration.
• Technological models focus on the development and use of systems (as data warehous-
ing, intranets, expert systems, and web information systems, among others) and
technological tools that facilitate decision-making.
• Holistic models which consider the integration of human (staff), organizational and
technological approaches, as well as learning processes that capture and transfer
knowledge to daily company operations.
In this paper, holistic models are focused on as they are the only ones capable of
dealing with all aspects of complex PM. This type of model is intended to support the
company with achieving its organizational objectives and a higher level of competitiveness.
A holistic KM model is a relational model that frames the KM cycle by the integration
of three elements [62]: human (accumulating the knowledge and experience they put into
practice through their activities); technological (not only contributing to its productive
process, but also facilitating the means for sharing); organizational (allowing the standard-
ization of actions aimed at building organizational learning). However, this integral vision
considers the specific context and characteristics of each organization in the knowledge-
related processes [63]. This implies creating proper conditions that facilitate and encourage
workers to take part in the knowledge retrieval and transfer processes. Additionally, this
tacit knowledge (which is specific to people) must be combined with the organizational
explicit knowledge (processes, technology, culture, values, vision, mission, objectives) [64]
to represent the company’s know-how [65].
Holistic KM models promote a competitive development through sectorial analysis.
It also promotes the establishment of stakeholder networks and innovation processes in
organizations [66,67]. Yet, holistic models give room for adopting new approaches that
can be identified and proposed by all members of an organization [68]. These models can
also link the company’s cultural and technological components, align the organization’s
activities with the company’s strategy, and integrate key performance components (as
processes, metrics, objectives, ICT, etc.) in a systematic way [69]. These are interesting
features due to their wide spectrum applicability [70], including PM environments [71].
The generation of knowledge building processes can be used to analyze and influence
risk scenarios too [72]. These contexts can take advantage of local knowledge (perceptions,
historical memories, etc.), expert knowledge (scientific and technical knowledge), and
emergent knowledge (collective, creative relationships, etc.). In fact, in order to design RM
strategies that respond to particular project factors and company dynamics, the contribution
of local and emergent knowledge is enriched with technical and scientific knowledge. This
truly becomes an interdisciplinary approach after its successful integration. However, this
aspect has not yet been addressed by current KM models.
Actions and responses included in the RM plan describe how RM processes will be
performed and integrated with other PM activities [73]. This allows the project manager
to identify, evaluate, record, respond, control and review risks in a compatible manner
with project technical requirements [74]. In addition, these processes are based on the same
three pillars of the holistic KM models: people, technology and organization [75]. This
enables the introduction of the project context, methods, roles, as well as the level of risk
tolerance. However, the successful integration and implementation of the KM, RM and PM
processes depend on:
• Value recognition: KM feeds RM, and RM minimizes negative impacts and prevents
unforeseen occurrences in PM settings.
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• Individual commitment: KM and RM are the responsibility of all members of the
organization.
• Open and honest communication: attitudes and actions that interfere in the communi-
cation among stakeholders precludes KM, reduces RM effectiveness, and eventually
impacts PM performance.
• Organizational commitment: RM and PM must be aligned with the organizational
values, culture, and be actively supported by all areas of the organization.
• Proportional effort: KM, RM and PM must be consistent with the value that a project
delivers to the organization, especially in terms of dedication (time) and costs (money).
All these aspects will be included in the proposed model in order to bridge the gap
between KM and PM in complex projects. For such a purpose, we will introduce a case
study in the next section.
4. Research Methodology
This research resorts to three case studies from a single shipbuilding company. The
programs (groups of projects) selected, despite being at different stages of the KM- and
RM-based model implementation, share the following characteristics:
• Sector (Defense industry);
• Client (Spanish Navy);
• Location (San Fernando shipyard in Spain);
• Management team (the same projects staff team);
• Supply chain (suppliers and subcontractors).
Case studies are a common research method frequently used by qualitative and quanti-
tative researchers [76]. Case studies are particularly insightful when they address complex
research objects (a holistic KM model in this case) in their real scenarios (complex ship-
building projects) [77], especially when object and context are difficult to separate [78].
Additionally, the capability of case studies as a research methodology to build or refine
theories in explanatory studies is of particular interest in the area of business organiza-
tion [79,80]. In the uncertain and dynamic scenarios in which contemporary organizations
operate, case studies are also appropriate for understanding the complex phenomena
affecting organizations. Finally, case studies can also include the points of view of many
agents involved [81].
According to the type of questions addressed, there are four main types of case
studies: descriptive, exploratory, illustrative and explanatory [82]. Descriptive studies
analyze how a phenomenon occurs within a context. Exploratory studies seek to examine
a situation in which there is no well-defined theoretical framework. Illustrative studies
show outstanding practices of organizations. Explanatory studies describe how and
why a phenomenon occurs. The case studies used in this research can be classified as
descriptive-explanatory, and to a lesser extent, illustrative. This is because they will
propose a theoretical (holistic) model anchored in a real context (complex PM) and we will
observe how the organization performs better after its implementation. Particularly, the
organizational context is described later, as well as the strategic vision and management
model of the shipbuilding company.
However, to favor the triangulation of evidence, this research combines a series of
data collection and analysis techniques. Namely, the following stages were followed in the
field work:
• Collection and analysis of the organization’s available documents and information.
• Analysis of previous results and data correction.
• Elaboration of a preliminary KM theoretical model based on the needs and shortcom-
ings detected in the document analysis of previous and ongoing company’s projects.
• Triangulation of available sources of evidence.
• Refinement and proposal of the final KM theoretical model.
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In this work, the three cases (which are complex projects in risky contexts as described
in the following section) are selected for their potential to integrate the KM, RM and PM
concepts described earlier. This also facilitates the theoretical model validation. Namely:
• For internal validation, a triangulation of the sources of evidence is carried out by
means of confronting the participants’ opinions with the results obtained in the
research. These pieces of evidence were obtained with a comprehensive 360◦ review
of the case studies, including the opinions of suppliers, providers, users, and the
shipbuilding company’s relevant departments. However, as there were conflicting
interests among the projects’ stakeholders, negotiation in project monitoring meetings
was frequently necessary. In these meetings, the work packages and project activities
progress and risk data were also objectively evaluated.
• For external validation, considering that the sector, organization, client, staff, and
supply chain were the same in all case studies, three shipbuilding projects in the
defense sector were selected. They allow comparisons to be made and conclusions to
be drawn on the relevance of the issues raised in the proposals.
As for information collection, archives, contract documents, planning chars, progress
reports, risk lists, risk analysis, corrective actions and procedure manuals were analyzed
from all projects. Due to the type of sensitive information handled by the authors (as
much data concern national and/or international security), only publicly available data
are explicitly commented on in the paper. Other sources of complementary information
were publications from the websites of the Spanish Ministry of Defense, the Spanish Navy
and the Spanish Institute for Strategic Studies (IEEE). Figure 2 summarizes the complete
research process of building the holistic KM model described in this section.
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5. Case Study
5.1. Projects
Three programs are considered to study the implementation of the KM- and RM-based
model. These case studies were carried out for the Spanish Navy at the San Fernando’s ship-
yard. The number and variety of stakeholders, contractual conditions, high specialization
and demanding product specifications contributed to their complex nature.
Case study 1 is the Cantabria A-15 combat supply ship [83]. The construction of this
supply ship began in 2005 and was commissioned in 2010. This was the second of the
two logistic supply ships of the Spanish Navy whose function was to provide other ships
with fuel, provisions, ammunition, and spare parts. In addition, this combat supply ship
is prepared to support a landing force, and to provide logistic support in non-military
operations, such as environmental fight or humanitarian aid actions. Case study 2 is twelve
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landing mechanized crafts [84], whose mission was to deploy a landing force on a beach
from other amphibian ships as quickly as. Their construction began in 2011 and their
service lives began between 2014 and 2015. Case study 3 is two maritime action vessels
named “Audaz” and “Feroz” [85]. They are patrol ships whose construction started in 2014
and was completed in 2018. These vessels were built as part of a modernization process
of the Spanish Navy. This client needed more versatile platforms that allowed a more
flexible use of resources, and a reduction in the ship’s life cycle cost [86]. In Table 2, a series
of indicators describing each case study are presented. They have been selected for their
relevance and representativity in the shipbuilding sector.
Table 2. Case study indicators.
Indicators Case 1 Case 2 Case 3
Number of Units (projects) 1 U 12 U 2 U
Tons of steel (per unit) 5500 Ton 45 Ton 825 Ton
Tons of steel (total) 5500 Ton 540 Ton 1650 Ton
Hours of production (per unit) 1,750,000 h 35,785 h 915,000 h
Hours of production (total) 1,750,000 h 429,420 h 1,830,000 h
Hours of engineering (per unit) 470,000 h 97,450 h 45,000 h
Hours of engineering (total) 470,000 h 97,450 h 45,000 h
Production lead time (per unit) 32 months 2 months 22 months
Production lead time (total) 32 months 24 months 40 months
Time from design to delivery (of the last unit) 48 months 30 months 52 months
Each unit is treated as an individual project. Each group of relatively homogeneous projects as a program. In this
study, each case study corresponds to a program.
5.2. Company
Navantia is a Spanish state-owned shipbuilding company. With over 5500 employees,
it is the top Spanish company on military naval technology. Navantia manufactures 24% of
military shipbuilding-related exports in Europe and 13% of the world exports. Navantia
is becoming a world-renowned company in the design, construction and integration of
high technology military warships (frigates, aircraft carriers, amphibians, submarines and
patrol vessels, among others), but also for civilian naval platforms (logistic ships and wind
power parks, among others) [87].
Navantia is involved in the design, engineering, manufacture, and project manage-
ment of products (platform systems, fire control systems, command and control systems,
and propellers) and services (lifecycle support, repairs, maintenance, modernization, train-
ing, and simulation) of naval platforms and ships [88]. The company also owns one of the
very few shipyards with full capacity for the design and production of fully operational
ships, as well as for integrated logistic platforms support, propulsion and naval combat sys-
tems. It currently has shipbuilding facilities in Spain and Australia. It also has subsidiaries
in Brazil, India, Norway, Saudi Arabia, Turkey, and the USA.
Since 2005, Navantia and the Spanish Navy have been working together on ship
design and shipbuilding projects of almost any kind. However, until 2015, Navantia was
mostly a hierarchical (vertical) organization in which heads of functional departments were
part of the project team and assigned tasks to their own staff on a regular basis. By then,
only a few people were allocated full time to a single project. A description of Navantia’s
functional departments of that time is described in Figure 3.
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Figure 3. Functional departments in Navantia.
Additionally, Navantia also had a series of operational departments whose units were
more directly involved in the shipbuilding production processes. Figure 4 provides a de-
scription of Navantia’s major operational departments. It is plain to see in Figures 3 and 4
that, by 2015, there was not any reference to KM.
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Figure 4. Operational departments in Navantia.
However, from 2015 onwards, Navantia was immersed in a major transformation
spanning all areas of the organization. This transformation was aimed at increasing
Navantia’s business and production processes sustainability [89]. Since then, Navantia
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has been involved in increasingly complex and larger projects involving all engineering
specialties [90].
The challenges of Navantia’s transformation involved not just the implementation
of innovative solutions, but also deep changes in all organization’s areas and processes.
Among other changes, the transformations tried to create a more agile organization that
favored an interactive management culture, and that rewarded employees’ talent [91]. The
implementation of a KM model would also serve as a guiding thread for enhancing its value
chain and improving productivity. The plan was to design tailored and highly-specialized
products while keeping a tight cost and delivery times control [92].
The transformation process in which Navantia is still immersed has also radically
changed the way it manages complex projects. Navantia started by complying with NATO’s
AQAP 2110 standard [93]. This standard proposes a model that focuses on configuration
management (CM). CM ensures product integrity and consistency regarding some pre-
specified design and information requirements throughout a ship life cycle [94]. More
precisely, AQAP 2110 model adoption by Navantia meant that it started to ask all its defense-
related product and service suppliers to at least state and document their technical and
management processes [95]. In addition, AQAP 2110 CM model supported the Navantia’s
processes of service management, mainly during the operational shipbuilding production
stages [96]. The CM model adopted by Navantia presented in Figure 5, provided, among
others, the following benefits and helped alleviating project stakeholders tensions [95,97–99]:
• It ensured project documents integrity and consistency;
• Minimized the risk of project failure;
• Allowed tracing project components, reducing confusion and increasing productivity;
• Minimized project rework in design and development phases;
• Increased confidence in the delivered product;
• Allowed drafting as-built plans, drawing, and documents;
• Allowed product performance reviews and perform routine maintenance operations.
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Naval constructions generally produce very short manufacturing series. There are
usually no prototypes, and the shipbuilding process usually has extensive design and de-
velopment periods overlap. This is generally because of the great number of systems to be
integrated, in which standardized and customized solutions coexist, and whose suppliers
come from different contexts. In addition, shipbuilding companies have continued pres-
ence on the whole project life cycle (LC). This includes not just the design and construction,
but also maintenance, logistics and the as-built documentation draw-up. These operations
are performed under very tight contract requirements [95]. In this context, the CM model
consolidated a change management culture, optimizing software interfaces from which
complex projects are still nowadays highly dependent. This model also improved the
integration of purchasing, engineering, production, and LC support [97].
Navantia has also been equipped since 2011 with a corporate tool for RM. This RM
tool includes all civil and military programs from the commercial stage to the end of the
guarantee period. Broadly speaking, at the beginning of each project, an RM plan is prepared
by Navantia to be accepted by the interested parties. These parties are briefed in detail about
the potential risks the project they are paying for may encounter. Navantia is capable of
producing this risk list because they have already been documenting previous experiences
in similar projects. Then, clients agree with Navantia on the actions to be taken in case
those risks arise. These processes are also aligned with the holistic KM model. Hence, the
model oversees the total set of factors that may impact project performance, adapts to its
level of complexity and facilitates interactions with all project stakeholders. Many of these
capabilities are not possible in other projects when managed in a compartmented way.
Navantia’s RM model is summarized in Figure 6. First, the model relates the processes
of learning, knowledge capture and transfer with daily activities. This is achieved by
clearly defining the roles and responsibilities of the staff involved. Second, the model
associates the technological resources with project planning activities. This technological
infrastructure is a powerful facilitator. It does not just contribute to Navantia’s productive
processes, but also is the mean for sharing knowledge and experience. Third, the model
links the organizational processes with the risk analysis, standardizing actions aimed at
building organizational learning, as well as reviewing, refining, and making available the
projects knowledge.
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Namely, phase 1 includes the communication processes and the roles and respon-
sibilities definition. There are two major actors in this phase: the project manager and
the risk managers, although other stakeholders are also listed. The project manager will
assume full responsibility for the project RM. He/she will also ensure that all risks are
identified, understood and managed in a satisfactory manner. The project manager will
also ensure that all project personnel are aware of their responsibility to report current or
future risks without delay. The project manager will also make sure that subcontractor’s
RM is appropriate according to the tasks they perform. The project manager will also chair
periodic risk review meetings, ensuring that assigned actions are completed as planned.
In turn, the risk managers will collaborate with the project manager in the risk control
process. They will be responsible for monitoring RM activities with the rest of project
areas. They will also act on behalf of the project manager in the execution of the activities
included in Table 3. Additionally, department and area managers will ensure that their
staff are familiar with the potential project risks and the procedures to be followed in case
some risks arise. They will also see into it that all subcontractors are provided with the
necessary risk information and manage them appropriately. Finally, the project manager’s
team must be familiar with the procedures of the RM plan and provide advice especially to
department and area managers on any impending or materialized risks. Particularly, they
will provide guidance on monitoring and risk assessment and help adopting the pre-agreed
risk contingency plans.
Table 3. Activities deployed by risk managers on behalf of the project manager.
Areas Activities
RM policy and procedures
• Draft, maintain, and review risk management plans.
• Coordinate the identification and assessment of risks.
• Develop an appropriate procedure for the management of
each risk.
• Obtain and report estimates of all project risks.





• Coordinate the identification and assessment of risks.
• Advise and collaborate with staff if necessary.
• Lead the risk identification sessions.
• Identify critical risks.
• Identify probability and impact in collaboration with risk
owners.
Risk control and mitigation
• Agree on the risk monitoring method with risk owners.
• Integrate actions to avoid risks in the project control stage.
• Define alternative plans due to risks in the project control
stage.
• Organize follow-up meetings of the risk management plan.
• Indicate which risks are terminated in agreement with risk
owners.
• Ensure that any new risk is incorporated into the plan.
• Ensure that collaboration with external stakeholders is
appropriate.
Reports
• Maintain the risk control register database.
• Issue risk reports.
• Present details of the risk program strategy.
• Issue the risk progress reports.
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In Phase 2, alarms and data provided by each risk control manager are agreed with
the project manager and the other risk managers. This allows monitoring them more easily
and, in case they arise, call a meeting. When a risk is materialized it is also necessary
to monitor its impact on the project cost, time and requirements. If necessary, suppliers,
collaborating organizations, customers and/or end users will be called to these meetings.
The risks status will also be reported in project monitoring meetings in addition to progress
reports. Finally, all meetings, changes, remarks and/or comments will eventually appear
in project records to ensure a proper CM.
During Phase 3, once some risks have already been identified and entered the register,
it is necessary to identify the probability of occurrence and their consequences. Informa-
tion about risks will be as clear, explicit, and quantifiable as possible. In addition, the
risk code, type, description, review, and responsible manager must be indicated. This is
achieved through the application of structured interviews, documentation, meetings with
departments and suppliers (if necessary), investigations and brainstorming sessions. These
actions will allow classifying them into technical risks (relating to quality, execution, new
technologies, technological changes, etc.), organizational risks (time, resources and facili-
ties), management risks (costs, time and requirements), and external risks (new legislation,
labor conflicts, climate, etc.). Once a risk has been identified, it will undergo an evaluation
process whose outline is summarized in Figure 7.
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The risk contingency plan must then propose new options to reduce potential prob-
lems impacting the project objectives, as well as identify possible actions to grasp (positive)
opportunities. Planning must be in accordance with the risk severity mostly in terms of
c st impact. This planning will also state wh n risk avoidance or corre tion measur s are
to b imple ented. For each risk, a li t of potential responsible parties will b made during
the risk identificatio period. Th response strategi s are clas ified as follows:
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• Avoidance by modifying the project plan to eliminate the risk or protecting the objec-
tives against its occurrence. This can be achieved by increasing the material, technical
or human resources related to the risk, improving communications between the depart-
ments involved, receiving expert assistance, or avoiding unqualified/unexperienced
suppliers.
• Transfer by sharing the consequences of a risk with a third party. This action does not
eliminate the risk but transfers its management and minimizes its potential impact.
• Reduction by lowering the probability or consequences of the risk to acceptable
thresholds. At this point, it is better to minimize probability than consequences.
• Validation by not modifying the project because there is not a feasible alternative
strategy.
6. Results
KM in complex projects in the shipbuilding industry must support a culture of knowl-
edge creation, valorization and sharing. A pre-requisite is being able to take advantage of
the company’s intangible assets. Only this will improve planning and control tasks when it
comes to reducing the probability, impact and errors relapse in shipbuilding projects. It also
has to identify opportunities in the organization’s processes, requirements management,
suppliers’ management and internal communication. These, within the company, but also
with partners, customers, and suppliers. To do this, Navantia has to establish strategies
that enable these improvements to be effectively implemented, though. Among other
actions, this will involve encouraging and facilitating the information exchange between
departments and shortening access times to relevant information.
Companies in the naval sector must constantly innovate and update their products,
processes, or management systems faster than the competition to keep a competitive advan-
tage. The complexity of the projects they handle stems from the technologically advanced
and innovative products they must create. With this purpose, Navantia must align its
management policies with good KM practices. The main objective of this management
model is, therefore, to ensure a highly competitive position in international markets. Our
proposal is based on a holistic vision, including a systemic point of view, and identifying
relevant and timely knowledge, appropriate technology, and critical success factors. The
proposed model is based on the main strengths of existing KM holistic models. This offers
an integral KM approach that allows combining the internal company factors and the
specific needs of naval companies. Table 4 shows the basic processes of the KM model and
the strategies suggested to achieve the organizational objectives while trying to improve
competitiveness.
Table 4. Critical processes in Navantia’s KM model.
Critical Process Suggested Strategies
Organizational context:
• To formally promote the development and use of knowledge as
a valuable asset for achievement better results.
• To identify the elements of the organizational environment that
can promote the development and use of knowledge.
• Create a KM office that works in a coordinated manner with the
CM and RM areas, articulating and centralizing sensitive and
critical information from other areas (Engineering, R+D, or
Purchasing, among others).
Sustainability 2021, 13, 885 15 of 20
Table 4. Cont.
Critical Process Suggested Strategies
Technological platform:
• To improve the current technological platform with customized
solutions that contemplate the specific needs of the shipyard’s
corrective, adaptive and developmental maintenance tasks.
• To allow the documentation elaboration and update that
includes all the tasks carried out as well as the protocols for
future actions. These are in order to ensure both the outputs
quality and knowledge transfer.
• To keep the systems documentation updated.
• To document the steps in pilot tests and during production
stages, so that a guide is available to guarantee process success.
• To draft periodic reports of work carried out, summary of all
communications received (incidents, requests, changes, etc.)
classified according to their origin, and the commitments
acquired with their degree of compliance.
• To update the necessary information for the provisions of tasks





• To review previous project experiences to use them as a learning
source.
• To identify technical factors that limit productivity, especially
related to project planning and control.
• To identify financial factors that limit competitiveness,
especially those related to costs and financing.
• To identify potential shortages of qualified human resources,
materials and inputs that can affect project performance.
• To identify potential gaps and deficiencies in knowledge, data,
procedures, or innovations that may affect project development.
Risks and consequences:
• To identify public, economic, labor, and fiscal policies that may
affect project performance.
• To identify potential consequences of conflicts with clients and
their impact on the image and credibility of the organization.
• To identify possible legal consequences of non-compliance and
delays in project delivery.
Quality practices:
• To verify the basic elements of the quality system that support
the assessment and use of knowledge.
• To identify and implement the use of indicators for critical
processes that support competitiveness.
• To identify and implement mechanisms for knowledge
dissemination and lessons learned.
• To identify and strengthen the basic elements of the quality
system that promote organization’s resilience and adaptation to
environment changes.
In addition, Table 5 compiles the main implementation phases of the proposed holistic
KM model in Navantia.
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Table 5. Implementation phases of the Navantia KM model.
Phases Purpose
Familiarization:
• To familiarize the management board with the general and
basic principles of the proposed KM model.
• Facilitate the opening of a KM office as a transversal
departmental support to other areas (especially those related
to CM, Construction, Repair and Maintenance, Engineering,
R+D and RM areas).
Comprehensive
organizational diagnosis:
• To evaluate the degree of presence of the organization’s KM




• To train all the relevant people involved in the
implementation of the KM model.
• To jointly evaluate the benefits, limitations, and difficulties
of the model implementation.
Design of a knowledge
management program:
• To design a KM program, adapting the proposed model to
the particularities and specific needs of the organization.
Implementation and
monitoring:
• To define the staff responsible for guiding the KM processes,
incorporating a specific area into the organizational
structure, and defining its hierarchy (Board, Department,
Office) in accordance with the organization’s policies.
Assign enough resources to this area.
• To monitor, according to a periodicity defined by the
organization, the results obtained from the program
implementation, document the information obtained in each
phase, and make the necessary adjustments.
7. Conclusions
In the advent of the industry 4.0, the management of complex projects involves
multiple challenges, many of which are related to how knowledge and risks are handled
by an organization. Namely, despite the existence of some knowledge management (KM)
models, none has been satisfactorily adapted to the needs of organizations in the naval
defense industry. This is because of the complexity and unique nature of the projects
these organizations handle. Additionally, the success of shipbuilding organizations relies
on robust risk management (RM) plans, an aspect that is not present in hardly any KM
model either. Hence, by means of a representative case study of a shipbuilding company,
this paper has proposed a holistic KM model that includes KM and RM aspects. In this
model, RM becomes a source itself of organizational knowledge, which in turn allows
organizational growth and higher maturity levels. The KM model also allows discovering
potential competitive advantages and market opportunities for the company when they
are managing complex projects.
The proposed KM model has been designed to be easily integrated with the organiza-
tional procedures of a shipbuilding company. The model takes into account the organizational
structure which may be functional (vertical) or project-based (horizontal). Additionally, the
model includes a configuration management (CM) approach which is possible thanks to a
preliminary list of risks and responses agreed between the company and the project client.
Hence, the model is also suitable for dynamic environments, which involve constant infor-
mation and requirement updates. Learning from the actual risks encountered in each case
and from the enhanced information retrieved along successive project experiences, organi-
zational processes and KM practices can be gradually refined. This allows the company to
be prepared for current demanding, uncertain and rapidly changing environments. Finally,
the model also promotes the development of the organizational and staff competences; it
focuses on the personnel as the major organizational asset.
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Overall, the model’s implementation does not involve significant additional costs, nor
special (dedicated) organizational structures. Conversely, the model’s scope encompasses
the whole project life cycle and easily integrates with the organizational documentation.
This promotes all project component’s traceability and allows easier (more efficient) project
monitoring and control. Eventually, this is translated into continuous improvement and
more sustainable business practices. This is also indispensable for the management opera-
tions in environments in increasingly complex and demanding projects.
Last but not least, the proposed model allows for the alignment of the organization’s
mission and strategy with the project objectives. This is also partially achieved by means of
ensuring the project components’ quality through tight supply chain management actions.
These actions involve, among others, engaging product and service suppliers with the
projects’ RM plan.
The major limitation of the study is the limited extent of the validation provided.
Some evidence has been provided suggesting that the holistic model works well and is
profoundly changing the organization’s best practices. Many process examples and work
procedures have also been reported. They support the conclusion that KM, RM and CM
integration is perfectly possible and arguably the easier approach for handling complex
projects. Yet, a thorough validation including other case studies and project environments
remains necessary. This will hopefully be addressed in future research. In this regard, the
proposed model is also being successfully implemented in another five-corvette project for
the Royal Saudi Navy, which began in 2018 and will be commissioned in 2022.
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